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Objective: The British Columbia Provincial Cardiac Registry collects demo- 
graphic and clinical data on all patients who undergo cardiac surgery 
procedures in the province. The purpose of this study was to compare the 
reliability of data contained in the Registry with data contained in hospital 
charts. Methods: Registry and hospital charts were compared for 480 cases. 
Thirty cases were randomly selected for the province's 16 cardiac surgeons. 
For each case, 10 distinct fields were selected for analysis and classified as 
consistent, inconsistent, or rejected (data unavailable in one or other 
source). Results: The overall rate of consistency between charts and the 
Registry was 86.4%, with an inconsistency rate of 9.9% and a rejection rate 
of 3.7%. Consistency rates varied significantly across the 10 fields and 
among the 16 surgeons. Pairwise comparisons of rates between fields 
indicated that specific field types were problematic and should be targeted 
for improvement. In addition, pairwise comparisons of rates between 
surgeons indicated that further education on Registry use is required. 
Conclusions: Recommendations for database design and management in- 
clude provision of standard definitions for all fields; education of users; 
extension of the number of mandatory fields; revision of check-off box fields 
to yes/no/unsure fields; and collection of data close to the time that it is 
generated. (J Thorac Cardiovasc Surg 1997;114:903-10) 
T he British Columbia Provincial Cardiac Registry (Registry) was created in 1990 to meet documen- 
tation, research, reporting, and educational needs of 
the province's cardiac surgeons and the administra- 
tive and planning needs of participating hospitals 
and the Ministry of Health. The provincial initiative 
to examine cardiac care services began in 1989 when 
waiting lists for cardiac surgery grew to unprece- 
dented clinically and politically unacceptable vels 
and patients had to be referred to the United States 
for careJ  In late 1989, the Provincial Advisory Panel 
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on Adult Cardiac Care was created to address 
cardiac care issues in the province. The advisory 
panel comprises 16 cardiac surgeons and cardiolo- 
gists from across the province and a representative 
from the Ministry of Health. In the fall of 1990, the 
advisory panel decided to adopt and enhance the 
method of operative data collection and medical 
report generation in use by the Vancouver General 
Hospital cardiac surgeons. In January and February 
of 1991, the four British Columbia hospitals provid- 
ing all adult open-heart surgery services for 4 million 
people joined the Registry. 
The Registry is based on a relational database 
system and is composed of three distinct subsystems: 
cardiac surgery, angioplasty, and pacemaker/defibrilla- 
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tor surgery. The purpose of this audit was to compare 
data contained in representative fi lds of the Cardiac 
Surgery Database to data contained in hospital charts. 
Background of the Cardiac Surgery Database 
The Cardiac Surgery Database (Database) is 
composed of four distinct entry modules: cardiac 
surgery booking; operative report; waiting list rec- 
onciliation; and discharge summary. This audit fo- 
cuses on data collected in the operative report 
module. At the time of the cardiac operation, the 
surgeon completes a 16-page form. The identical 
format has also been evaluated in a preliminary trial 
using a laptop computer. The collection format 
includes more than 200 demographic and clinical 
fields and uses three methods of data collection: 
check-off box, multiple choice, and fill in the blank. 
Once the surgeon has completed and signed the 
operative report form, a clerk enters the informa- 
tion into the Database and a program simulta- 
neously creates a printed operative report. This 
replaces traditional dictated reports, is stored in the 
patient's medical record, and is distributed to the 
patient's cardiologist, family doctor, and consult- 
ants. Selected ata fields from each new and modi- 
fied record are uploaded on a nightly basis via 
modem to the central provincial database. This 
amalgamation of records aids in reporting and sta- 
tistical analysis. 
Purpose of the audit 
Users of most medical record systems assume that 
the information therein is reliable and use the 
systems accordingly. 2 At the same time, the tradi- 
tional paper-based patient chart is deemed the "gold 
standard" in terms of patient information. A search 
of recent literature reveals that various record sys- 
tem holders are questioning the reliability of their 
databases and are performing audits to test their 
accuracy. 2-5 
This audit was performed primarily to document 
the comparative reliability of the Database versus 
hospital charts, examine consistency rates by field 
and by surgeon, and provide recommendations for
improving data collection methods. 
Material and methods 
Data were drawn from the Database and compared 
with information from corresponding charts for 480 pa- 
tients. Consistency rates were analyzed at both the field 
and surgeon-specific level, but surgeon-field interaction 
was not investigated. For each of the 16 cardiac surgeons, 
30 patients were randomly selected from their 1994 iso- 
lated coronary artery bypass graft (CABG) case loads as 
follows: for each surgeon a sequential number was as- 
signed to each case, and a random number generator was 
used to select the appropriate number of cases. An 
additional sample of five cases was included for each 
surgeon so that if data on any of the first 30 were 
incomplete they could be replaced. On the basis of a 
predicted 10% error rate in clinical databases, a sample 
size of 30 provides an estimate of the consistency rate per 
question to within 23% and an estimate of the consis- 
tency rate by surgeon to within 24%. Also, at approxi- 
mately 30 minutes per chart, the review could be accom- 
plished within a reasonable time frame. 
CABG was selected for study because it is done most 
commonly. Of the 2553 cardiac operations performed in 
British Columbia in 1994, 1625 (63.7%) were isolated 
CABGs. The number per surgeon ranged from 49 to 147, 
with a mean of 102. In addition, CABG surgery is the 
subject of a large amount of risk factor analysis and 
outcomes research, which increased interest in determin- 
ing Database reliability. 
Ten fields from the operative report were selected for 
audit. All of the fields are found in typical hospital and 
database records of patients who have undergone myo- 
cardial revascularization. A variety of sources in the 
patient chart were referenced for verification of database 
entry. Before designing the audit, the author/statistician 
verified that 10 fields, 16 surgeons, and 30 charts per 
surgeon would provide a sufficient sample size to deter- 
mine consistency rates. Furthermore, the 10 fields were 
chosen to compare the reliability of collecting data in 
different formats (fill in the blank vs check-off box vs 
multiple choice) and to test the accuracy of clinical 
information used to measure severity of patient illness for 
risk stratification versus patient outcomes. Table I de- 
scribes the 10 fields selected for the audit, and it details 
where each field is located in the Database and patient 
chart. 
Data collection. Database and patient chart informa- 
tion were collected in compatible formats so that they 
could be compared. The Registry coordinator down- 
loaded the 10 fields for each of the 480 subjects from the 
Database to Microsoft Access loaded on two portable 
computers. Chart reviews were performed by two inde- 
pendent observers. As the information found in the charts 
was entered into the computer, a table was generated that 
compared ata from the two sources. This allowed incon- 
sistencies to be recognized, reviewed, and verified while 
each chart was still available. 
Chart information was not always in a compatible form 
for comparison with the Database. In such cases, relevant 
information from the charts was recorded and later, with 
the help of a cardiac surgeon, transfered into an appro- 
priate format. Table II indicates the conversions used for 
the left main stenosis (LMS) and ejection fraction (EF) 
fields. The Society of Thoracic Surgeons National Cardiac 
Surgery Database Manual for Data Managers was used to 
guide translation of angina symptoms into numeric las- 
sification. 6 
Data analysis. For each field it was determined 
whether the information i the Database was consistent or 
inconsistent with that found in the patient's chart or if 
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Tab le  1. The fields and their sources 
Field Chart source Database source 
1. LMS > 50% Most charts contain a catheterization report, 
which reports on LMS. Some charts have 
consults and/or history sheets that de- 
scribe the left main coronary artery. 
2. LMS > 70% 
3. LVEDP > 15 mm Hg 
4. Age -> 65 years 
5. Diabetes 
6. Dialysis or elevated 
serum creatinine 
7. EF 
8. Angina class 
9. Crossclamp time 
10. Time of exit from the 
OR 
Source the same as field 1 above. 
Most charts contain a catheterization report 
that gives a value for LVEDP. Some 
charts have consults and/or history sheets 
that include numeric values. 
Age is one of the patient identifiers em- 
bossed on the hospital documents. 
Consults and/or history sheets can indicate 
diabetes. 
The most recent available preoperative 
record of serum creatinine is used. This 
can be obtained from lab sheets and, al- 
ternatively, from the perfusionist's record. 
Dialysis information is found in consulls 
and/or history sheets. 
Most charts contain a catheterization report, 
an echocardiogram report, and/or a nu- 
clear scan report that report the EF. 
Some charts have consults and/or history 
sheets that describe the ventricular func- 
tion. 
Most charts have consults and/or history 
sheets that describe and/or classify angina. 
In some charts angina is described in an 
emergency department report. 
The perfusionist's record documents the 
crossclatnp time. 
The nurse's OR record documents the exit 
time. 
The Indications for Procedure section of the Opera- 
tive Report Form contains a prioritized list of in- 
dications. Surgeons must indicate the first most 
appropriate indication. "LMS > 50%" is the sec- 
ond indication listed after "emergency revascular- 
ization." 
The Urgency for Surgery section of the Form contains 
a prioritized scale Of urgencies that ranks patients 
from emergency to elective. "LMS > 70%" is 
listed part way down the list. 
The first part of the Clinical Factors ection of the 
Form lists 38 common clinical conditions. 
"LVEDP > 15" is one that can be checked off. 
"Age -> 65" is in the Clinical Factors list. 
"Diabetes mellituS' is also in the Clinical Factors list. 
"Dialysis or elevated creatinine" is also in the Clini- 
cal Factors list. 
In the second part of the Clinical Factors ection, 
surgeons are to indicate whether the EF is 
"<35%," 35-50%," Or ">50%." 
In pan two of the Clinical Factors ection, an oppor- 
tunity to select an angina classification (0-4) based 
on the Canadian Cardiovascular Society system is 
provided. 
In the Operative Details ection there is a space to 
record the crossclamp tissue. 
The Form has a space to record OR exit time. 
data were inadequate for comparison leading to rejection 
from analysis. In most cases, a record was rejected if data 
were missing from either the chart or the Database. The 
definitions used for classifying the results and case rejec- 
tion are presented in Table III. 
Statistical methods. The number  of consistent answers 
over the number  of cases analyzed provides an estimate of 
Registry reliability. Consistency rates were calculated for 
each field and surgeon. Investigating field/surgeon inter- 
action was not considered important. The X 2 test was used 
to determine whether  an association existed between the 
specific field or type of field and consistency rate. and 
between surgeon and consistency rate. If a difference in 
consistency was observed between fields and surgeons. 
sources of differences were investigated by means of a 
pairwise multiple comparison method often referred tO as 
a Bonferroni  correction. 7 BecaUse greater than one com- 
parison is being made, a larger difference is required to be 
denoted as "significant." A difference was considered 
Tab le  I I .  Conversion chart for LMS and EF  
Chart description Conversion 
LMS: Normal 
LMS: Mild or moderate 
LMS: Severe or critical 
EF: Normal or minimally 
dysfunctional 
EF: Markedly dysfunctional 
LMS < 50% 
LMS between 50% and 70% 
LMS > 70% 
EF > 50% 
EF < 50% 
significant if it exceeded z0.025/k Vp(] p)2/n where k 
equals the number of pairs being compared, n is the sam- 
ple size, and p equals the average proport ion in the groups 
being compared. The square root quantity in the Bonfer- 
roni correction is the standard error of the difference of 
two proportions. It is derived by noting that the variance 
of the difference of two proport ions equals twice the var- 
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Table I I i ,  Definitions of consistency rates by field 
Field Consistent Inconsistent Rejection 
LMS > 50%, LMS > 70% Indicated in both sources or Indicated in only one source. 
neither source. 
LVEDP indicated in both sources 0r Indicated in only one source. 
neither source. 
Age Indicated in both sources or Indicated in only one source. 
neither source. 
Diabetes Indicated in both sources or Indicated in only one source. 
neither source. 
Elevated serum creatinine Indicated in both sources or Indicated in 0nly one source. 
neither source. 
EF Chart value within Database Chart value outside of Data- 
range or value missing base range. 
from both sources. 
Angina Same value in both sources Chart and Database values 
or value missing from both different 
sources. 
Crossclamp time Same value in both sources Chart and Database values 
or value missing from both different. 
sources. 
Exit OR time Chart and Database values Chart and Database values 
within 15 minutes, greater than 15 minutes 
apart. 
Higher priority indication se- 





Value missing from one source. 
Value missing from one source. 
Value missing from one source. 
Value missing from one source. 
Table IV. Composite of audit results 
95% Confidence 
Result Cases Rate (%) interval (%) 
Consistent 4i49 86.44 85.47-87.41 
Inconsistent 474 9.87 9.03-1.0.72 
Reject 177 3.69 3.15-4.22 
lance of an individual proportion, assuming that the two 
proportions are equal, which it is when testing the hypoth- 
esis of no difference in proportions. For simplicity, we 
used an aggregate estimate ofp = 0.8644 based on all the 
data. The quantity k in this formula was chosen to 
maintain a significance level of 0.05 across all compari- 
sons. 
Results 
Table IV Summarizes the overall results aggre- 
gated across all fields and all surgeons: The Data- 
base was found to be consistent with the chart in 
86.44% of the cases. 
Ignoring the effect of the surgeon, the consistent 
versus inconsistent rates for each field were com- 
pared by means of a ~ test, resulting in p < 0.001. 
Pairwise comparisons were also used tO evaluate 
consistency rates between fields. A difference of 
greater than 7.29% in consistency rates was consid- 
ered to be  significant at the 0.05 level, taking the 
Bonferonni correction into account, Table V Sum- 
marizes the consistency rates by field (ranked from 
the least to most consistent ) . As well, for each field, 
a listing of the other fields found to have a signifi- 
cantly different consistency rate is given in the final 
column of Table V. 
To determine whether the field type could explain 
the interfield consistency differences, we performed 
a comparison among the three field types (check-off 
box, multiple choice, and fill in the blank). The 
check-off box fields include left ventricular end- 
diastolic pressure (LVEDP),  age, diabetes, and se- 
rum creatinine.. The multiple-choice fields include 
LMS greater than 50%, LMS greater than 70%, EF, 
and angina. The crossclamp time and exit operating 
room (OR) time fields are examples Of fill-in-the- 
blank fields. Table VI  provides a breakdown of the 
consistency rates by type of field. The differences 
were Significant (p < 0.001). Pairwise comparisons 
suggested that fill-in-the-blank fields had the highest 
Consistency level (95.52%), whereas there was no 
Significant difference between check-off box and 
multiple-choice fields. 
Fig. 1 displays the variability in consistency rates 
by surgeon. They range from a 10w of 76.33% to a 
high of 93.33%. A statistically significant difference 
Was observed in the consistency with which surgeons 
filled out the form (p < 0.001). Taking the Bonfer- 
onni correction into account, a difference of greater 
than 9.19% in consistency between surgeons was 
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Table V, Audit results by field 
Consistency 95% Confidence Field FieM is significantly different 
Field rate (%) interval (%)* type? from .. .  (bizsed on Bonferroni correction) 
LVEDP 68.33 64.16-72.50 C Angina, serum creatinine, LMS > 50%, 
LMS > 70%, age, crossclamp time, 
exit OR time, diabetes 
EF 75.21 71.34-79.08 M Serum creatinine, LMS > 50%, LMS > 
70%, age, crossclamp time, exit OR 
time, diabetes 
Angina 76.04 72.21-79.87 M LVEDP, serum creatinine, LMS > 
50%, LMS > 70%, age, crossclamp 
time, exit OR time, diabetes 
Serum creatinine 85.21 82.03-88.39 C LVEDP, EF, angina, age, crossclamp 
time, exit OR time, diabetes 
LMS > 50% 88.54 85.68-91.40 M LVEDP, EF, angina, diabetes 
LMS > 70% 88.75 85.92-91.58 M LVEDP, EF, angina 
Age 95.21 93.29-97.13 C LVEDP, EF, angina, serum creatinine 
Crossclamp time 95.42 93.55-97.29 F LVEDP, EF, angina, serum creatinine 
Exit OR time 95.63 93.80-97.46 F LVEDP, EF, angina, serum creatinine 
Diabetes 96.04 94.29-97.79 C LVEDP, EF, angina, serum creatinine, 
LMS > 50 
*Individual confidence intervals (without Bonferroni correction) based on estimate _+ Zo.ozs',/p(1-p)/n. 
?For field type, C = check-off box, F, fill in the blank, and M = multiple choice. 
considered significant at the 0.05 level. The key 
finding is that one Surgeon who had a 76.33% 
consistency rate was an extreme case. Fig. 2 shows 
that no relationship existed between consistency 
rate and surgeon case volume (r = -0.087,p = 0.78). 
Discussion 
Examination of consistency rates. This audit doc- 
umented an overall inconsistency rate of 9.9% and a 
difference in consistency between certain fields, field 
types, and surgeons. Can the factors contributing to 
these inconsistencies be determined and modified to 
increase accuracy of cardiovascular surgical clinical 
reports and databases? The process of data collec- 
tion needed to be examined to find out whether 
inconsistencies arose during data recording or when 
a clerk entered the information i to the Database. A 
subsequent audit of data entry showed high reliabil- 
ity (consistency rate of 99% at each of the four 
hospitals). Thus surgeon data collection and entry 
are primarily responsible for the inconsistencies. 
Factors that may be important in explaining the 
differences in the overail rates between fields and 
surgeons include timing of data collection, accessi- 
bility of information, data collection method, and 
surgeon pattern of practice. 
Timing. The time fields (crossclamp time and exit 
operating room time) are the only ones audited that 
reflect information collected uring the actual op- 
eration. These fields have two of the highest consis- 
Table VI. Overall rates by type of field 
Consistent Inconsistent Reject 
Type of field (%) (%) (%) 
Check-off box 86.20 13.80 0.00 
Multiple choice 82.13 9.48 8.39 
Fill in the blank 95.52 2.81 1.67 
tency rates (95.4% and 95.6%, respectively). Their 
consistency suggests hat data should be captured as 
close to its original generation as possible. Ideally, 
information obtained during consults and other 
studies could be entered irectly into the Database 
or automatically downloaded at the time of the 
operation. To minimize added time demands on 
health care professionals, competent patients could 
be asked to pre-complete some sections of the forms 
regarding diabetes and other present conditions/ 
illnesses during their surgical consult. The reliability 
of this change would also need to be audited. These 
steps would considerably reduce the amount of 
historical data collection required perioperatively 
and the time required to generate the operative report. 
Accessibility of information. Age data are col- 
lected very reliably (95.2% consistency). Age is 
easily accessible, because it appears on many chart 
pages along with the patient's birth date. Numeric 
LVEDP data are captured on the Database form in 
the same way as age. However, LVEDP is the least 
reliable (68.33%). LVEDP information is usually 
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N,  i 
90-94% 
Fig. 1. Frequency of surgeon consistency rates. 
recorded within the catheterization report, which 
may take several minutes to find in the chart, or may 
be missing, especially for urgent and emergency 
cases. Surgeons may then estimate the LVEDP from 
ventricular function and clinical factors, but the 
reliability of this appears poor. The format used 
should be modified so that perioperative data en- 
tries are readily accessible, and options should be 
provided to indicate that the requested data are not 
available during the operation and that the value 
entered is only an estimate. 
Data collection method. The method of data 
capture seemS to influence reliability rates. The 
check-off box method for collection of information 
is weak inasmuch as it fails to distinguish "no" from 
"not sure/not available." In Table VI, the fields that 
are Captured by the check-off box method are the 
most inconsistent, with rates of 13.80% versus 
9.48% for multiple-choice and 2.81% for fill-in-the- 
blank methods. Consequently, the Database would 
be improved if the system was Changed to have a 
"yes" box, a "no" box, and a "not sure/not available" 
box. 
Numeric data are captured for some of the data- 
base fields, whereas ubjective interpretations are 
captured into other fields. Data captured in its 
simplest form was most reliable and consistent 
(crossclamp time and exit OR time). A request for 
an actual number encourages the recorder to 
reference information in the chart. This view is 
supported by comparing the consistency rates 
of the exit OR time entry field (96.63%) with 
elevated serum creatinine (85.2i%) or LVEDP 
check boxes (68.33%). 
Accuracy appears to be encouraged by recording 
specific values rather than broad ranges and by 
providing definitions. For example, borderline val- 
ues for LMS and EF were treated differently by 
different surgeons. Some indicated "LMS greater 
than 50%" when the catheterization report stated 
50%, whereas others did not. Futher. a data entry 
form idiosyncrasy did not allow for the capture of 
LMS range when emergency was designated. This 
resulted in a high rejection rate of 6% for LMS 
greater than 50% and 5% for LMS greater than 
70%. This has been corrected. The low consistency 
rate for angina class (76.04%) is probably aggra- 
vated by the lack of printed definitions on the form 
and deterioration i  the patient's condition while on 
waiting lists. 
Surgeon pattern of practice. Inasmuch as the 
reports generated by database entry are "published" 
and are medicolegal documents, it might be ex- 
pected that all surgeons would strive for a high 
degree of accuracy. However, some variation is 
inevitable and differences in consistency rates were 
striking (Fig. 1). Some surgeons have practice pat- 
terns that provide extensive patient contact and 
consultation before surgery, whereas others operate 
largely on patients admitted just before the opera- 
tion through the emergency department, by hospi- 
tal-to-hospital transfer, or from out of town. In 1994, 
the rates Of emergency and in-hospital transfer of 
patients undergoing CABG varied between 29.6% 
and 69.5% (mean 49.6%) for the 16 surgeons. It 
must be appreciated that level of completion of 
Database forms is left to each surgeon's discretion, 
as with the details included in a dictated report. 
Reliability of Database dntry could be aided by 
providing training in form completion, providing 
definitions for all fields, making all important fields 
mandatory, and simplifying the forms by excluding 
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Fig. 2. Consistency rate versus case volume (by surgeon). 
unimportant fields and data from prior examina- 
tions and studies. 
It is the responsibility of Database managers and 
contributors to monitor reliability and make im- 
provements. The users must know how closely the 
stored information reflects the hospital chart, prior 
clinical records, and actual patient condition at the 
time of the operation. Registering false information 
could have important consequences for individual 
patients, physicians, academics, and administrators. 
Our Database stores information at the patient- 
specific level and can be accessed when subsequent 
care is required. Invalid information could nega- 
tively affect future treatment. Furthermore, in many 
jurisdictions patients have the right to view their 
own health records, s It could be frightening for a 
patient o find information they knew was incorrect. 
In addition, incorrect results could cause undue 
concern or inappropriate complacency on the part 
of the patient. 
The Database is also accessed for administrative, 
educational, and research purposes. For these uses 
it is also of utmost importance that the data con- 
tained therein be as reliable as possible. Hospital 
administrators must make decisions to allocate re- 
sources and to plan caseloads, staffing, and the 
procurement of supplies on the basis of mortality 
and complication rates, device usage, operating 
room times, length of stay, and patient risk profiles. 
Reliable data will minimize the risk of budget 
overruns and assist with fair distribution of re- 
sources based on patient need and effectiveness of
treatment. The practice of medicine and difficult 
decisions on resource allocation cannot be allowed 
to depend on sources that are not sound. 
Recommendations. Auditors of the Manchester 
Orthopaedic Database found that the completeness 
of data capture can be improved by providing feed- 
back to users on the aims and objectives of the 
system and its performance. 2 This suggests that the 
surgeons in our system would benefit from receiving 
a copy of their audit results. 
Additional recommendations i clude the follow- 
ing: 
• Provide standard efinitions adjacent o all fields 
• Provide brief reference manuals and train the 
users 
• Make important database fields mandatory 
• Change the check-off boxes to yes/no/unknown 
fields to better distinguish between positive and 
negative responses and errors of omission 
• Collect data as close as is possible to the time that 
it is generated and as a continuous variable 
• Have some fields preentered from previous re- 
ports by other health care professionals 
• Allow entry of estimates where this is appropriate 
but clearly identify the subjective nature of the 
data 
A number of these recommendations have been 
implemented or are in the process of being imple- 
mented; forinstance, EF, serum creatinine, and 
LVEDP now ask for a specific value. Standard 
definitions for Canadian Cardiovascular Society 
class of angina I to IVc and American Heart Asso- 
ciation class of failure of I to IV are alongside their 
data fields. Data entry clerks are now directly ac- 
cessing the blood bank information system to docu- 
ment and enter blood product usage. Finally, in the 
spring of 1997, comparisons of their individual audit 
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results with the group average were distr ibuted to 
each surgeon. This will be fol lowed by a meet ing of 
all surgeons to allow presentat ion of the range of 
surgeon performance and discussion of the results. 
Fol low-up studies are p lanned for later in 1997 
after the new Database format has been imple- 
mented.  These  studies will determine whether  the 
aforement ioned improvements have increased Reg- 
istry rel iabil ity and are more general ly appl icable to 
other constituencies and data collection systems. 
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